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NATIONAL  ADVISORY COMMTTSE FOR  AiHCKAUTICS 

ADVANCE CCUFID^ITIAL   RrPCRT 

DrVFXCPM~NT CF  .VINO   INtETS 

3y Stanley F.   Raaisz 

SOMkARY 

»l 
An investigation was made In the Lang]ey two- 

dimensional low-turbulence tunnels to develop a wing- 
lnlet section having maximum lift and critical speeds 
as high FS these of the ccrresr>or.ein£ basic alrfcil 
section. Low inlet losses were e'esired for an exten- 
sive r?npe of lift coefficient end flow rste.  The 
investigation consisted in measurements of the lift, 
drag, Internal-flov/, and jraaaure-diBtrlbutlcn charac- 
teristics cf a low-drag-type airfoil section vt.tr 
sevc-ral leading-edge air inlets.  As a result of suc- 
cessive modifications, tro wing-inlet sections raving 
maximum lift coefficients e-xcocdinr the maximum lift 
coefficient of the basic airfoil section and negligible 
Inlet losses throughout en extensive ran^e of lift 
coefficient fcnö  Ini^t-veloclty ratio have been developed. 
The critical I.'iaeh number cf the inlet lips (the forward 
Q.'jC  cV-ord) of one of the wing inlets was higher then 
that of tve plain airfoil section.  The critical Mach 
number of the entire wlnr-inl?t section, however, was 
limited tc a v«lue sc^ewhat lo'.ver th?n that cf the plain 
airfoil section by the hiph suction pressure? In the 
vicinity of thr exit, which was locate.-? on the upper 
surface between 0.50 chord ?nd 0.60 Chord, 

irTRCCUCTICK 

Some of the more Important problems Involved In 
developing wine sections with lesding-edge inlets for 
admitting cooling air are those of obtaining the required 
quantities of cooling air flo-w without excessive internal 
losses and of obtaining the desired meximur lift and 
critical.speeds,  Atte-nrts tc develop wing-Inlet sections 
having the desirert airfoil and cooling characteristics 
often result in some ccmrcmises. 
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A research program was undertaken in the Langley 
two-dimensional low-turbulence tunnels to develon a 
leading-edge sir inlet for an airfoil section of the 
low-ur'pf* type.  It was eesired that the wing-inlet 
section have a maximum section lift.coefficient of 
1.26 at a Reynolds number of 3 x 10 and a critical Mach 
number of O.tf  at a section lift coefficient of 0.15, 
or values not lower than those for the plain sirfoil 
section. The rpnge of inlet-velocity ratio es e function 
of the lift coefficient for- which low inlet losses were 
desired is shown in figure 1.  Progressive .nodif ications 
were made to a trial wing-inlat section of 2-foot chord 
in an attempt to develoo a wing-inlet section having 
the desired characteristics.  Although exact methods for 
determining wing-inlet profiles are not indicated by 
the dr.tr presented herein, an indication i3 given of 
the nrogross made in the development of s. lecding-edge 
•ilr inlet for the airfoil section tested in this 
investigation. 

The investigation consist.id in neasurements of th-i 
lift, drag, Internal-flow, cn'i pressure-distribution 
characteristics of sov.rf.l inlet configurations. 
Measurements of the chfircctjristics w.re made through 
a range of angle of attack from negative lift coefficients 
to the stall.  The investigation included tests of a 
wing inlet with roughness applied to the leading edges 
of the inlet li-s to detjmine the affects of leadihg- 
acige roughness on the iectio'i char-ec t.ristics. 

SYMBOLS 

The symbols and coefficients used in the presentation 
of results aro as follo'vs- 

a0    section angle of attack, given with respect to 
reference line, degrees 

c     chord of original wing-inlet section measured 
along reference line 

&i saction lift coefficient based on actual chord 

cd    section drag coefficient based on actual chord 

'«cA section pitchinr-moru-nt co-ffici-nt at  quarter- 
chord point 

CMTFIDÜIvTIAL 



IliVCA  ÄCR  No.  L&318   .     CONFID-T'ITIAL 

i\ 

V 

P 

H 

q 

H 

AH 

h 

P 

5f 

R 

Mcr 

velocity measured at point indicated hy subscript 

mass density 

coefficient of viscosity 

dynamic oressure (H) 
tctal pressure measured at point indicated by 

subscript 

loss in total pressure measured at inlet or 
exit as indicated by subscrlot 

height between inl^t walls measured at inlet 
or e.xit as indicated by subscript (fig. 2) 

local static pressure 

wing flap deflection, degrees        / 

Reynolds number based on actual chord( .° SU 

V 
critical Mach number, that free-stream Mach 

number at v/hich the speed of sound is first 
attained at any point on the airfoil surface 

V. 

pressure coefficient/ 

lnlet-vFlocity .ratio 

"o 

Subscripts: 

o free  stream 

i inlet 

e exit 

int internal 
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The two-dimensional models  tested In the  investi- 
gation wore constructed of laminated wood  and had chorda 
of 2 feet  and spans  of approxinstely 3 feet.     Prena- 
ration of the surfaces for tests consisted in glazing 
local defects  end then sandint*. the entire surfaces 
with No. !f00 carborundum paper on rubber blocks. 

The plain airfoil section,   which formed the basic 
airfoil section for the wing-inlet sections,   la  similar 
to airfoils  of  the  WACA 7-series   (reference  1).     At a 
section lift  coefficient  of O.J,  which  is   aonroxir.ately 
the  design lift coefficient,   the  chordwise positions 
of minimum pressure   are  eoproximately 0.35c  s^1-i 0.50c 
for the upper and lower surfaces,  respectively.    The 
maximum thickness is approximately 0.17c.    Two models, 
one with a plain trailing adge  and one with n fla;> of 
0.22c  pnd a vane of 0.09c, were tested. 

The exten^al contours  behind tha O.I9IVC station 
of  the wing-inlet section were  the  same  as  those  ^f  the 
plain Firfoil section.    The  trial  inlot,  designated 
herein the  original inlet   (fi^.   2), had sinnll leading- 
edge radii  and  lip stapler,   and represented a configur- 
ation which might ba expected to mininize  the length of 
fp.irinp that  would be required bdtween the  plain airfoil 
and the ducted socto-ons  of  a full-scele wing.    The 
cooling eir exhausted over the upper surface slightly 
downstream of the 0.50c position,   and the  air flow WF>S 
regulated by an intarnsl exit fla': pivoting at  the 0.60c 
station.    Such  an exit configuration is  one  that might be 
designed for  c flr.pp.3d airfoil section.    The  inlet and 
exit of the  ducted model e.-ittmdod ecross  the entire  snan. 

TS3T  I'ETHODS 

Test  data  at  a Reynolds  numb >.r  of  approximately 
2.5 x  10° were  obtained  in tha  Langley two-di:nen3ional 
low-turbulance   tunnel  (designated LTT).     Tost data at 
Reynolds  numbers  of  a:proxim taly 6 x  10°   and 9 *  10 
v;ere  obtained  in the Langley  tv/o-diniansional  low- 
turbulonce pressure  tunnel  (doalgnatad TDT).     Lift data 
wore  obtained from pr-=ssur«s  '.aePsaroreents   along tha floor 
and ceiling of thu tunnel tost auction.     Drag 

COITIDSTITIAL 
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chPracteristics were  determined from wake-survey 
measurements.     Details  of the teat methods for the 
two-dimensional low-turbulence  tunnels  are  dis- 
cussed In reference  1. 

Surface pressures  for the wing-inlet section 7/ere 
measured with small  static  tubes  of 0.öij.O-ineh outside 
diameter which were mounted close to the  airfoil surface. 
Orifices  in the model surfaces were used to measure 
the pressure-distribution characteristics  of the  .jlain 
airfoil section. 

Plow measurements  ware made   at  both the   inlet  arid 
exit  of the  ducted section to ueten:;ine   the   inlet  loss, 
the  inlet-velocity rptic,   end tha total-pressure  loss 
through the  ductad section.    7h«  inlet  loss  w»s  deter- 
mined from ;t>easurer.iei:ts  mr.de with tnree  total-pressure 
tubes   located at the 0.10c station aa  3hown iri figure   2. 
The  inlüt-velocity patio  and the  loss  in total pressure 
wai-3  determined fro;.; menaurenents  of flow at  the  3Xlt. 
Measurements of the flow et the exit were made with a 
raic-j  consisting of one  stetic-presuure   sml four  totai- 
presssure  tubes heving, outside diameters  of  approximately 
C.0)+C inch.    3r>'all exit heights  permitted the use  of 
only two or three tot*:l- -.ressure  tubas«;   For large 
exit heights,  two or more purvey rakea located at 
sevsrsi Spanwlse stations • wers used to determine  the 
average exit flow. 

The  intarnal dray coefficient wsc determined from 
the following  aquation,   which neglects  changes  in density: 

*int •m-f^} 
No heat was   added to simulate  actual cooling conditions. 

The  test data have beer, corrected for tunnel-wall 
effects,   according to the methods  discussed in reference  1, 
by the  following equations: 

cj = 0.537CJI 

cd = 0-v;:3=d' 
3mcA = °-r^Qoma/li.' 

C^-FID33TIAL 
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a0 =  1.015ooi 

where  the primed quantities represent the values 
measured in the  tunnel.     All test data were  obtained 
at free-stream Wach numbers  less  than 0.17. 

I   \ 

I 

RESULTS AND DISC1SSI0H 

Plain Airfoil Section 

The lift, drag, and pitching-moment characteristics 
of theplein airfoil section at Reynolds numbers of 
5 x 10°, 6 x 10°, and 9 x 10° and the characteristics 
of the airfoil section with a double-slotted flap are 
presented in figure 5(a). The effects of the double- 
slotted fla, un the lift and pitching-moment charac- 
teristics are of the order expected for this type of 
high-lift device. The increase in the minimum section 
drag coefficient csused by standard leading-edge rough- 
ness (reference 1) is similar to that obtained for 
other airfoil sections of this type. T!ie jressure- 
distributicn characteristics of the 9lain airfoil section 
arc presented in figure 3(t>). These data indicate that 
the range of section lift coefficient giving a favorable 
-iressure gradient over the forward portion of the cirfoil 
extends froiii • section lift coefficient of -Q.Clj. to 
slightly loss than 0.50.  The peak orensure coefficient 
at a section lift coefficient of 0.15 corresponds to 
a critical nach number (estimated by the methods of 
reference 2) of O.67. 

Original Wing-Inlet Configuration 

Figure 1+ presents the characteristics of the wing- 
inlet section with the original inlet. A comoerison 
of the lift characteristics, :res3nted in figure U(a), 
with those of the ••lain airfoil section (fig. 3(a)) 
indicates a ?2-t>ercent reduction in the maximum saction 
lift coefficient. Test data at Reynolds numbers up to 
6 x 10° (not presented) indicated no favorable scale 
effects on the maximum section lift, coefficients. 

CONFIDENTIAL 
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Initial tests1 of the model were made with no internal 
resistance.  The data presented in figure Mb) show 
that the inlet loss is low for only a small range of 
lift coefficient.  The rapid rise ir: the inlet losses 
causes high total-pressure losses through the ducted 
section, as indicated by the total-pressure loss 
measured at the exit (fig. Ma)). The high internal 
losses probably cause excessively thick boundary layers 
behind the exit and consequently the high dreg shown 
in figure Ma). The pressure-distribution drta presented 
in figures Mc) and l\.{r\)   Indicate the critical Mach 
number for the first 0.%'C to be 0.66 at a section lift 
coefficient of 0.22 and an inlet-velocity ratio of 0.28. 
T'-e critical Mach number of the entire wing-Inlet 
section, however, is reduced to 0.6? because of the peak 
pressure in the vicinity cf the exit.  Under all con- 
ditions tested, the critical Mach number was limited 
by the high suction pressures ir. the vicinity cf the exit. 

Inlet 2 

In an attempt to Increase the maximum section lift 
coefficient, the leading-edge radii of the inlet lips 
were increased.  The lia stagger was increased to permit 
the upper lip to guide the air flow into the inlet at 
high angles cf attack, and the inlet-velocity ratio for 
a riven exit opening was reduced by Increasing the Inlet 
height.  These modifications, which were made in an 
attempt to reduce the inlet loss at high lift coefficients, 
are shown In firure 5- 

The section characteristics of the ducted model 
with inlet 2 are presented in firure 6.  A comparison 
of the lift char?eteristlcs with those of the original 
inlet (fig. Ma)) indicates that the maximum section 
lift coefficient was considerably increased and exceeded 
that of the plain airfoil section (fig. 3(a)).  The 
ineres.se in the maximum section lift coefficient can be 
attributed largely to the increased lip radii.  The 
drsr characteristics, presented in figure 6(a), indicate 
thr.t the rapid rise in the section drag coefficient 
occurs st higher lift coefficients in comparison to 
that obtained for the original inlet (fig. l^(a)i.  At 
high lift coefficients, the inlet losses of Inlet 2 are 
lower thsn these of the original inlet; and the range 
of lift coefficient fcr low inlet loss is therefore more 
extensive (figs. 3(b) and M*>)).  The inlet losses at low 

CCNFID3i\TTIAL 
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lift coefficients,  however,   er«   scrr.ewhat excessive. 
Several modifications v</ere made  In attempts   tc  o.btaln 
low  Inlet losses  at lc-' lift coefficients  without 
increasing the   inlet losses  at high lift  coefficients. 
Successive  attenrats l<?d  tc  the  develooment   of  inlet 3- 

Inlets 3  and 1+ 

Irlot 3.- Preliminary tests of the trial Inlet 
shades, rhleh led to the development of inlet 3i ttt" 
«Heated that the r-nre  of lift coefficient for low inlet 
loss can be shifted slightly by varying the Inlet lip 
stagger.  The lio stacker was therefore decreased, as 
shewn in figure 7, in an attempt tc decrease ths inlet 
losses at low lift coefficients.  In an effort to com- 
pensate for the expected Increase In the. inlet loss at 
high lift coefficients, the lips were thickened in- 
ternally to form e gradually expanding diffuser that 
would tend to allow the u??»-r lip tc ruide the intfrnal 
flow. In like manner, at low lift coefficients the 
loiter lio would tend t<. guide the Internal flow. 

Figure 6 shows the exit modificstlon 
marie to increase tha exit arts. The e:xit 
consisted in incr^-cslnp the camber and ch 
exit flap and, because of the larger .fla^. 
neoeeaary to modify the exit lip as shown 
Previous configurations of the ducted air 
vere tested without simulated heat-eJcehan 
The ducted section with inlet 3 '"-s teste' 
baffle plate simulating leat-exchenger re 
order to include the effects of internal 
the section characteristics. The positio 
simulated heat-exchangär in the inlet' and 
are shewn in figures 7 and 9» res-ectlvol 
baffle nlate had a ratio of ooen area tc 
»•'li 

s that were 
modifications 

. r;. of the 
chord, it was 
in the sketch. 

foil section 
ger.i resistance. 
<J with a 
sistrnce in 
resistance on 
n of the 
its construction 

7.1 The. 
tctal" area of 

Fipjre 10 presents the section characteristics 
of the wing-Inlet section with inlet 5»  A comparison 
of the lift characteriatioa presented in rigura ic(a) 
with those of the plain airfoil section (fig, 3(a)) 
shows that,the maximum section lift coefficient Is con- 
siderably higher than thrt of. the plsln airfcil section. 
Figure l;'(a) also shows that the inlet losses are negli- 
gible for an extensive ranire of ir.lst-velocl.ty ratio and 
lift: coefficient.  The low inlet losses ear. be attributed 
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to the fact that separation at the Inlet is probably pre- 
vented by the guiding action of the inlet lips. Figure 
10(b) shows the pressure distributions ever the lower 
lip. The critical Mach number corresponding to the 
peek aressure coefficient at a section lift coefficient 
of r.ij is C.51, or considerably lower than that tf the 
plain airfoil section.  Attempts were therefore made 
to Increase the critical Mach number by thickening the 
external lower lip with modeling clay to form Inlet k« 

Inlet k.- Figure 7 shows the modifications made to 
forrr inlet k.  A cerrpsriscn of the pressure distributions 
over the lower lip of Inlet 1+ (fig. 11) with these obtained 
over the lower lip cf inlet 3 (fig. l!.(b)J indicates the 
critical 3peed of inlet k to be higher than that of inlet 3. 
The critical fach number of the lower lio cf inlet k is 0.68 
at. a section lift coefficient of 0.28, or slightly higher 
than that of the plain airfoil secticn.  The slightly lower 
maximum section lift coefficient cf inlet 3 (fig. 10(a)) 
may have been caused by a change in the inlet-velocity 
ratio or by seme surface irregularities inasmuch as the 
lower lip of inlet k WM constructed of modeling clay. 
The internal-flow characteristics cf inlet k should be 
similar tc these of inlet 3 because the inlets have the 
same profiles with the exception of the external lower 
lip. The section characteristics cf Inlet I4. are there- 
fore mere favorable than those of inlet 3 because of 
the higher critical Mach num.0er of the lower llo. 

Although the section characteristics cf Inlet k 
may be considered satisfactory, this inlet has the 
structural disadvantage of requiring an extensive fairing 
between the ducted and plain airfoil sections.  An 
attempt was ccnseouently made to develop an inlet con- 
figuration that could be f*ired into the plain airfoil 
section without an extensive blister. 

Inlet 5 

Smooth model.- Figure 12 is a sketch of inlet 5i 
which. w»s developed from tests of a"trial cenfiguratlon. 
The internal contours were similar to these of inlet 3, 
but the leading edge of the inlet was loceted farther 
rearward to retain approximately the sen» inlet height 
as that of inlets 3 and k without extending the external 
contours beyond those of the plain airfoil section. 

CCIJFID^TIAL 
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Figures 13(a) to 15(e) present the characteristics 
of tve ducted section In the smooth condition.  A com- 
parison of these lift characteristics (fis. 13(a)) 
with these cf the olaln airfoil section (fig. 3(a)) 
Indicates that the maximum section lift coefficient of 
the ducted section is at least as high as that of the 
?l9in airfoil section fcr an extensive rang* of inlet- 
velocity ratio. The d^te presented In figure 13(h) 
indicate.negligible inlet losses for the desired range 
of lift coefficient and inlet-velocity ratio shown In 
figure l. The oressure dis-trlbutions shown in fipures 
13(c) and 13(d) Indicate an extensive renge of lift 
coefficient for a ffivcrsble pressure gradient over the 
upper »nd lower inlet lips. 

The critical Mach number of the inl 
forward G.^Oc) is G.67 at a section lift 
C.15 and at an inlet-velocity ratio of 0 
higher than that of the plain sirfcil se 
high suction pressures in the vicinity o 
however, reduce the critical i.ach number 
wing-inlet section tc C.6l. An Increase 
Mach number of the ducted wing section c 
obtained by locating the exit farther re 
undercutting the exit (rs shown in refer 
extending the exit lip to direct the exi 
to the airfoil surfsee. 

et lips (the 
coefficient of 
3, or slightly 

ctlon. The 
f the exit, 
of the entire 
in the criticpl 

an prch&bly be 
arwrd cr  by 
enoe  J)  and 
t flow parallel 

• 

11- 

Lift, drag, and flow data at a Reynolds number of 
6 * 1C.6 are presented in figure 13(e).  A comparison of 
the lift characteristics with thesf obtained at a Reynolds 
nurrt-er of 2.3 * 1C^ (fir. 13(a)) indicstes fsvorable 
scale effects on the maximum section lift coefficient. 
The Tiinirrum section drag coefficient (fie. 13(e)) i3 
considerably higher t>-an that expected for a plain airfoil 
section having -jreesure-distribution characteristics 
similar to those cf inlet 5.  The increase in the minimum 
section drar coefficient may therefore be attributed 
largely to the exit flow. 

Leading-edge roughness.- Test data showing the 
effects or leading-edge rcurhness en the lift ana flow 
characteristics are presented in figure 13(f).  These 
data Indicate thr-t leading-edge rcurhness or. one or both 
inlet lips causes no appreciable change in the internal- 
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flow characteristics. The maximum section lift coef- 
ficient is unaffected by leadinp-edpe roughness on the 
lower Inlet lip.  A comparison cf the lift charac- 
teristics for bcth the smooth and rough conditions 
indicates ths>t leading-edge rouerhness on the upper 
Inlet lip reduces the maximum section lift coefficient 
by approximately the same decrement as that obtained 
for the plain airfoil section (fie. 3(a)). 

Transition Section 

The fairinf required between the olaln airfoil 
section and inlet 5 is scrnewhat large, and a 
substantial decrease in the maximum section lift 
coefficient might be obtained en a three-dimensional 
wing because of the shape cf the inlet end closure. 
Tests were therefore made cf a half-span ducted airfoil 
section with inlet 5 to rive an indication of the 
effects cf the leading-edge feiring en the lift 
characteristics. The transition section ma formed by 
attaching- the le^dinc-edre contour cf the plain airfoil 
section to the wing-inlet section with inlet 5 tc form 
a half-span tue ted airfcil section. Figure llj. shews 
various views cf the model and the fairing between 
the plain, and ducted airfoil sections.  A partition 
between the ducted and plain iirfcil sections restricted 
the Internal flow to the ducted airfoil section. 

A comparison of the lift che.racterist.'cs presented 
in figure 15 with those cf the plain airfoil section 
(fie. 3(a)) Indicates that the maximum section lift 
coefficient of the transition section is nearly the 
same as that cf the plain airfoil, section. The drag 
data presented in figure 1^ indicate that stalling first 
occurs ever the plain airfoil section. 

Comparison of Characteristics of Ducted and 

Plain Airfoil Sections 

toaxlirum lift.- The variation cf maximum section 
lift coefficient with inlet-velocity ratio Is shown in 
figure 16(a). The highest maximum section lift 
coefficients were obtained with Inlet I;.- The maximum 
section lift coefficient cf the ducted model with inlet k 
is hither than that of the plain airfoil section for 
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inlet-velocity ratios rengin.? from s value somewhat 
less then 0.3C uo to a valup'of 1.26.  The maximum 
section lift coefficient of the ducted airfoil section 
with inlet 5 Js hlrher than that of the plain airfoil 
section for inlet-velocity ratica between 0.13 anc" O.S.'y. 

Inlet losses.- Fi.-ure l6(b) skews the range of lift 
coefficient ar.d inlet-velocity ratio at which the inlet 
loss Is negligible.  Inlet !+ has neg-lipihle inlet losses 
for a more extensive range of inlet-veiocity ratio and 
lift coefficient as compared with those of inlets 1 
and 5>  Negligible inlet looses throughout the r?n£e of 
inlet-velocity ratio one; lift coefficient at which low 
inlet losses are generally desired can. be obtained with 
either inlet 1; or" Inlet 5. 

Critical Mac]' nurr.'cr.- Flrure 16(c) Shows the 
critical Mach number of inlet 5 (the forward C.5"c) 
and Vr.a  critic?! Jisch. number of the plain airfoil 
section.  At the hich-speed condition, the critical 
Mach number is slightly higher than that of the plain 
Birfoil section. 

Tffect of oslt on critical J'-A?.*  nurhqr.- Figur« 16(d) 
shows the critical laeh number corresponding tc the peak 
pressure over the exit flap for bcth the original and 
modified exits.  A comparison of figures l6(o) and 16(c) 
indlostsa that the peak iressure over the exit flap 
reducc-s the critical liach number by approximately C.C6 
&\.  the hisrb-speed condition.  These dsta indicate that an 
important factor to be considered in the design of an 
exit is the effect of the exit cr the critical Mach 
number. 

CONCLUSIONS 

As the result of an investigation of c  low-rirsg 
airfoil section v/ith several leading-edge air inlets in 
the Langlay two-dimensional low-turbuler.ee tunnels, 
two leading-edge air inlets hawing the following 
characteristics have been developed: 

(1) Maximum lift coefficients higher than the 
maximum lift coefficient of the pl?in 
airfoil section for an extensive range 
of inlet-velocity ratio 

C01IFIDBOTIÄL 
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(2 )  Negligible inlet losses for en extensive ran;:« 
of inlet-velocity ratio ana lift coefficient 

T^e critics! Mach number of one ci* the slr.£  inlets 
(tho forward 0.50c) was slightly higher than that of 
the plain airfoil section.  The critical Mach nurrbpr 
of the entire vinr-inlet section, however, was limited 
to a vnlue somewhat lo',vf?r than that of the plain airfoil 
section by the high suction pressures In  the vicinity 
of the exit which was located on the upper surface 
between CjO  chord and 0.60 chord. 

Lan^tley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Lan^ley Field, Va. 
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Lift, drag, Internal flow, and pressure distribution measurements were made on a low-drag 
airfoil incorporating various air inlet designs.  Two leading-edge air inlets are developed 
which feature higher lift coefficients and critical Mach than the basic airfoil.  Higher lift 
coefficients and critical speeds are obtained for leading half of these Inlet sections but 
because of high suction pressures ,iear exit,   lightly lower critical speeds are obtained 
for the entire Inlet section than the basic airfoil. 
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